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Abstract

Coring/logging data and physical property measurements from International Ocean Discovery
Program Expedition 349 are integrated with, and correlated to, reﬂection seismic data to map seismic
sequence boundaries and facies of the central basin and neighboring regions of the South China Sea.
First-order sequence boundaries are interpreted, which are Oligocene/Miocene, middle Miocene/late
Miocene, Miocene/Pliocene, and Pliocene/Pleistocene boundaries. A characteristic early Pleistocene strong
reﬂector is also identiﬁed, which marks the top of extensive carbonate-rich deposition in the southern East
and Southwest Subbasins. The fossil spreading ridge and the boundary between the East and Southwest
Subbasins acted as major sedimentary barriers, across which seismic facies changes sharply and cannot be
easily correlated. The sharp seismic facies change along the Miocene-Pliocene boundary indicates that a
dramatic regional tectonostratigraphic event occurred at about 5 Ma, coeval with the onsets of uplift of Taiwan
and accelerated subsidence and transgression in the northern margin. The depocenter or the area of the
highest sedimentation rate switched from the northern East Subbasin during the Miocene to the Southwest
Subbasin and the area close to the fossil ridge in the southern East Subbasin in the Pleistocene. The most active
faulting and vertical uplifting now occur in the southern East Subbasin, caused most likely by the active and
fastest subduction/obduction in the southern segment of the Manila Trench and the collision between the
northeast Palawan and the Luzon arc. Timing of magmatic intrusions and seamounts constrained by seismic
stratigraphy in the central basin varies and does not show temporal pulsing in their activities.
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1. Introduction
The central South China Sea (SCS) basin is ﬂoored primarily by oceanic crust. Figure 1 shows the central basin,
which is conﬁned by the continent-ocean boundary (COB) and is comprised of three major subbasins,
namely, the East, Southwest, and Northwest Subbasins. Dating of seismic sequence boundaries and studies
of seismic facies in the central basin are critical to understanding regional tectonostratigraphic evolution,
but these efforts have been hampered previously for two main reasons. The ﬁrst is that basement highs
often developed near the COB [e.g., Li et al., 2010, 2013], which prevent direct and continuous stratigraphic
correlation between the central basin and rift basins in the continental slope, where stratigraphic boundaries
can be determined from commercial wells. The strike of these basement highs is often parallel to the
continental margin. These structures resulted mostly from either differential continental extension and
rifting or uplifting linked to the onset of seaﬂoor spreading [Li et al., 2013; Expedition 349 Scientists, 2014].
The second is the lack of stratigraphic well constraints in the central basin. However, these problems are
being alleviated. Recently, very dense coverage of reﬂection seismic lines became available around the
COB, and ﬁve new sites were drilled in the central basin during the International Ocean Discovery Program
(IODP) Expedition 349 [Expedition 349 Scientists, 2014], providing an unprecedented opportunity for studying
seismic stratigraphy and the opening history of the SCS and how sedimentary records responded to regional
tectonic events.
Structurally and bathymetrically, the SCS basin is complicated with extinct spreading centers, transform
faults, ridges, and late-stage seamount volcanism after the cessation of seaﬂoor spreading [e.g., Yan et al.,
2006; Xu et al., 2012] (Figure 1). These structures likely affected sediment transport and ocean circulation, but
we previously had no way to quantify these effects. While their presence can often make stratigraphic
correlation more difﬁcult, careful interpretation of seismic horizons and facies can help better decipher the
timing of tectonic activities of these structures.
Extensive discussions and close collaborations were developed among several research institutions and oil
companies during the early preparation of the scientiﬁc proposal leading to IODP Expedition 349 [Li et al.,
2013]. This led to a collection of multichannel reﬂection seismic (MCS) data from different resources (Table 1),
making it possible to examine seismic sequences and facies of the entire central basin based on key seismic
proﬁles and their correlation with logging/coring data at the IODP Expedition 349 sites and Ocean Drilling
Program (ODP) Leg 184 sites [Wang et al., 2000] (Figure 1).
We build a regional stratigraphic framework by focusing on major geological boundaries (Table 2), which
are well constrained by shipboard biostratigraphic and lithostratigraphic analyses [Expedition 349 Scientists,
2014]. With carefully selected seismic proﬁles, stratigraphic correlation is possible even between the
continent-ocean transition zone and the central basin, circumventing basement highs that often exist near
the continent-ocean boundary and prevent direct correlation. Abrupt changes in seismic facies across
boundaries of subbasins are observed both temporally and spatially. Seismic facies between sequence
boundaries are often characteristic and distinctive, allowing relatively straightforward regional correlation,
particularly within subbasins. The calibrated seismic sequence boundaries also allow us to estimate the
timing of postspreading volcanism, faulting and vertical movement in the central basin.

2. Regional Tectonic Framework
Before the Early Cretaceous, the southeast Eurasian area was strongly deformed by the subduction of the
Paleo-Paciﬁc plate, forming a massive plateau and subsequent continental arc volcanisms [e.g., Zhou and
Li, 2000; Li and Li, 2007; Shi and Li, 2012]. At around 100 Ma, the subduction either ceased or retreated
eastward [Zhou et al., 2006], and the entire region entered a new phase of pervasive continental margin
rifting, which continued into the early Cenozoic and ultimately facilitated the opening of the SCS (Figure 1)
[Shi and Li, 2012]. The seaﬂoor spreading ages of the SCS basin was disputed until recently [Taylor and
Hayes, 1980, 1983; Briais et al., 1993; Yao et al., 1994; Hsu et al., 2004; Li and Song, 2012; Barckhausen
et al., 2014], but IODP Expedition 349 and recent deep tow magnetic surveys have helped unravel the
details of the basin history [Expedition 349 Scientists, 2014; C.-F. Li et al., 2014; Koppers and Expedition
349 Scientists, 2014]. The East Subbasin started opening at ~33 Ma and stopped around 15 Ma, and
the seaﬂoor spreading in the Southwest Subbasin initiated at ~23.6 Ma and terminated at about 16 Ma
[C.-F. Li et al., 2014].
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The Luzon Arc is believed to be formed
within the Philippine Sea plate with
the eastward subduction of the SCS
lithosphere (or westward obduction of
the Philippine Sea plate) (Figure 1). It is
assumed that the subduction started
soon after the cessation of seaﬂoor
spreading in the SCS at about 15 Ma
[Briais et al., 1993; Yang et al., 1996]. The
initial subduction probably developed
along one of the preexisting transform
faults, which should have been
widespread in the western Paciﬁc. The
Taiwan orogeny (Figure 1), among
the most active and the youngest
orogens in the world, started to build
up several million years ago [Biq, 1972;
Chai, 1972; Teng, 1990], due to the
continued westward movement of the
Luzon Arc and its oblique collision
with the Eurasian continental margin.
Likewise, the approaching Luzon also
collided with the Palawan continental
block in the southern margin of the
SCS [e.g., Hall, 2002; Liu et al., 2014],
and this process continues today.
The Cenozoic magmatism in the
region can be divided into three
stages, Paleocene-Eocene
(prespreading), Oligocene-middle
Miocene (synspreading), and late
Miocene-Quaternary (postspreading)
Figure 1. (a) Regional tectonic framework. T = Taiwan Island. The red arrows [Yan et al., 2006]. The prespreading
show the directions of plate movement. The red dots are sites drilled during
magmatism predominantly occurred on
IODP Expedition 349. (b) Bathymetry map of the South China Sea. Seismic
the northern margin of the SCS and in
lines presented in this study are labeled. The yellow dashed line indicates
South China coastal areas and shows a
the relict spreading center in the Southwest Subbasin. The seamount chain
in the East Subbasin divides it into the northern East Subbasin and southern
bimodal afﬁnity [Xu et al., 2012]. This
East Subbasin. The orange circles are sites drilled during IODP Expedition
bimodal magmatism may have resulted
349 and red circle during ODP Leg 184. The thin red, black, blue, and purple
from double-layered convection in a
lines are seismic lines. Segments of these seismic lines shown in later ﬁgures
magma chamber under an extensional
are highlighted in bold lines. COB = continent-ocean boundary.
setting associated with lithosphere
thinning [Chung et al., 1994, 1997]. The
second-stage synspreading magmatism occurred along ﬁssures or fault intersections within extensionally faulted
depressions. Volcanism contemporaneous with seaﬂoor spreading in the SCS was very weak in the margins and
adjacent areas [Yan et al., 2006]. Postspreading magmatism is strong along the lower slope of the northern margin
of the SCS and in the central basin [Lüdmann and Wong, 1999; Lüdmann et al., 2001; Yan et al., 2001]. They can
be easily identiﬁed from geophysical data and high-resolution bathymetric map [Wang et al., 2014]. Most known
major seamounts in the central SCS basin (Figure 1) are believed to be emplaced after the seaﬂoor spreading
stopped at about 15 Ma. K-Ar and 40Ar-39Ar ages of dredged samples from seamounts as well as volcanoclastic
records are all younger than 15 Ma [Wang et al., 1985; Kudrass et al., 1986; Yan et al., 2008; Han, 2011; Expedition
349 Scientists, 2014], the estimated cessation age of seaﬂoor spreading in the SCS. Most of these seamounts
are along, or to the north of, the relict spreading center (Figure 1) and are composed mainly of alkali basalts with
subordinate tholeiites that display oceanic island basalt-type geochemical characteristics [Xu et al., 2012].

LI ET AL.

©2015. American Geophysical Union. All Rights Reserved.

1379

Journal of Geophysical Research: Solid Earth
Table 1. Summary of Seismic Data Used in This Study and ODP/IODP Drill
Sites That They Cross
MCS Line Name
08C2
08C3
973SCSIO1
SO49-017a
973SCSIO2
N3
973SCSIO3
973SCSIO1
Z1
O4C1
04C2

ODP/IODP Sites

Acquisition Date

Channels

U1432
U1432
U1431
U1431
U1433
U1433
ODP1148
ODP1148

2008
2008
2001
1987
2001
?
2001
2001
2008
2004
2004

480
480
48
48
48
?
48
48
480
480
480

10.1002/2014JB011686

3. Core-Log-Seismic
Integration
In this section, we focus primarily on
three IODP/ODP sites, IODP Sites
U1431 and U1433 in the central basin
and ODP Site 1148 in the continental
slope, since they provide a complete
sedimentary record needed for this
study. Sedimentary records from
other shallow drill sites (Sites U1432,
U1434, and U1435) are also used as
references but are not directly
presented here.

3.1. Sites U1431 and U1433 in the Central Basin
IODP Expedition 349 drilled ﬁve sites in the central SCS basin (Figure 1). Three sites (U1431 in the East Subbasin
and U1433 and U1434 in the Southwest Subbasin) reached the oceanic crust. Site U1435 on the northern
COB recovered pre-Oligocene sedimentary rocks deposited prior to the opening of the SCS. Furthermore, a full
suite of geophysical logging was also carried out at Sites U1431 and U1433 [Expedition 349 Scientists, 2014].
Core-log-seismic integration can be carried out in various ways. For example, synthetic seismograms generated
from logging data can be compared with seismic data to determine the seismic reﬂectors that might be
associated with certain lithostratigraphic boundaries. In this study, we use the straightforward way of building
time-depth conversion equations from P wave velocity measurements on cores and then correlate depths in the
core to the seismic sequence boundaries as picked in the seismic section based on the time-depth equations.
P wave velocities were measured on working half cores using the x axis caliper-type and z axis bayonet contact
probe transducers on the Section Half Measurement Gantry, and these measurements are in excellent agreement
with sonic logging data [Expedition 349 Scientists, 2014]. We ﬁrst apply linear interpolations to these velocity
data (Figures 2a and 2c) and then integrate the inverses of interpolated velocity functions with depths at a
constant interval of 10 m to obtain the time-depth conversion data pairs, which can be ﬁtted nicely with
quadratic polynomial functions (Figures 2b and 2d). At the two deepest sites U1431 and U1433, the quadratic
time-depth conversion functions are
z ¼ 0:000188295 t 2 þ 0:695896 t;

(1)

z ¼ 0:000152626 t 2 þ 0:714658 t;

(2)

and

respectively. Here t stands for the two-way traveltime starting from the seaﬂoor (TWTT, in milliseconds) and z is
the depth in meters below the seaﬂoor (m bsf). Despite their different appearances, equations (1) and (2) are
nearly identical numerically (Figure 3). This similarity is remarkable, considering their different tectonic locations
and large lithological variations recovered at these two sites. Our further examination conﬁrms that velocity
data at the three different sites in the central basin (U1431, U1432, and U1433 in Figure 1) give nearly identical

Table 2. Summary of Mapped Horizons in This Study
Horizon Names

Geological Boundaries

Primary Areal Distribution

Attributes

Tmp

The Miocene-Pliocene boundary

Southern East and
Southwest Subbasins
Southern East and
Southwest Subbasins
Entire central basin

Top of the carbonate-rich
sequence

Tpp

A prominent reﬂector above the
Pliocene-Pleistocene boundary
The Pliocene-Pleistocene boundary

Tmm

The middle Miocene-late
Miocene boundary
The Oligocene-Miocene boundary

PP reﬂector

Tom

LI ET AL.

Sharp change in
seismic facies

Entire central basin
Northern continental margin
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Figure 2. (a and c) P wave velocity measurements (red dots) of core samples from Site U1431 in the East Subbasin and
U1432 in the Southwest Subbasin, respectively [Expedition 349 Scientists, 2014]. Blue lines are linear interpolations
between points. (b and d) Calculated data of depth (in meter below seaﬂoor (m bsf) versus two-way traveltime (TWTT, in
milliseconds (ms)) starting from the seaﬂoor at Site U1431 and Site U1433, respectively. In the quadratic polynomial ﬁts,
t stands for TWTT (ms), and z is the depth (m bsf).

time-depth relationships, but they deviate gradually but considerably with increasing depths from those
obtained at Site U1435 near the COB and ODP Site 1148 located at the continental slope [Cao et al., 2014]
(Figure 3). This indicates that despite local lithological and velocity variations, time-depth conversion for
sediments in the central basin can be well approximated by using a single set of quadratic function, either
equation (1) or (2). However, equations (1) and (2) are applicable but only to the central basin ﬂoored with
oceanic crust. For time-depth conversion at the continental slope, the function obtained from ODP Site
1148 [Li et al., 2008] is more appropriate, due to the more consolidated nature and slighter higher velocities
of older sediments at depth.
With equation (1) or (2), we can tie depths of major lithostratigraphic boundaries in the cores to the seismic
sections. Seismic horizons corresponding to lithostratigraphic boundaries (Table 2) based on the new
Geological Time Scale 2012 [Gradstein
et al., 2012] are picked according to their
two-way traveltime estimated from their
determined depths at Sites U1431 and
U1433 of IODP Expedition 349 (Figures 4
and 5). Sites U1431 and U1433 are
located in the East and Southwest
Subbasins, respectively. Site U1431 lies
to the north of the extinct spreading
center, whereas Site U1433 is to the south.
Remarkably, the Pliocene/Pleistocene
and Miocene/Pliocene age boundaries
coincide with characteristic seismic facies
boundaries Tpp and Tmp, respectively,
conﬁrming the basic principle in seismic
stratigraphy that seismic reﬂections
generally indicate isochronous surfaces
Figure 3. A comparison of depth-time conversion relationships from that do not necessarily correspond to the
quadratic polynomial ﬁts of measured velocity data at ﬁve different sites. same lithological contrasts [Sheriff, 1980].
LI ET AL.
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Figure 4. Calibration of seismic horizons from recovered lithostratigraphy at Site U1431 in the East Subbasin. CDP = common
depth point.

At Site U1431, we ﬁnd that the Pleistocene sediments, composed mostly of turbidites, show strong seismic
reﬂectivity. In contrast, the more homogenous Pliocene sediments have much weaker seismic reﬂectivity
(Figure 4), indicating lithological control on acoustic impedance and reﬂectivity. This control is further
manifested in the uppermost units of the upper Miocene (lithostratigraphic units III and IV), where the
frequent alternation of lithology between clay, silt, and carbonate causes strong seismic reﬂectivity, whereas
the middle unit of the upper Miocene (lithostratigraphic unit V), composed mainly of poorly consolidated
sand causing very low recovery, show weaker reﬂectivity (Figure 4). The group of strong reﬂectors in the
upper Miocene sequence is caused by the boundary between the middle unit and the lower unit of
the upper Miocene (lithostratigraphic unit VI) that has multiple layers of volcanoclastic breccia. The middle
Miocene sequence recovered at Site U1431 is composed mainly of sand/sandstone interbedded with
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Figure 5. Calibration of seismic horizons from recovered lithostratigraphy at Site U1433 in the Southwest Subbasin.
CDP = common depth point.

clay/claystone, with occasional occurrence of thin volcanoclastic breccia layers, and appears more
homogenous seismically.
IODP Expedition 349 discovered evident changes in sedimentary facies between Sites U1431 and U1433
[Expedition 349 Scientists, 2014]. These changes are also revealed by seismic facies, but some common seismic
features remain (Figures 4 and 5). For example, the Pleistocene sediments, although less dominated by
turbidite deposition in the upper part at Site U1433, also show strong reﬂectivity as observed at Site U1431.
The lower part of the Pleistocene sediments and the Pliocene sediments at Site U1433 have frequent
occurrence of thin carbonate layers, also interpreted as turbidite deposition [Expedition 349 Scientists, 2014],
but they show weak reﬂectivity, also similar to what have been observed at Site U1431 for the Pliocene
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sequence (Figures 4 and 5). At both sites, the Miocene-Pliocene boundary (Tmp) corresponds to a sharp
interface in seismic reﬂectivity, with weak reﬂections above and strong reﬂections below.
One major difference in the Pleistocene sequence between the two sites is that there is an internal boundary
between the dominant clay and silt layers (lithostratigraphic unit I) on the top and the alternation between
clay and carbonate ooze at the bottom at Site U1433 (top of lithostratigraphic unit IIA) (Figure 5). This
lithological boundary has generated a strong seismic reﬂector (coined as the PP reﬂector hereafter) above the
Pliocene-Pleistocene boundary (Tpp). As will be seen in the next section, this reﬂector is well developed
mostly to the south of the spreading center and becomes more prominent toward the southern continental
margin of the SCS.
Another major difference between Sites U1431 and U1433 is the massive presence of lower Pleistocene to
upper Miocene carbonate deposition at Site U1433 (Figure 5). The upper Miocene carbonate layers are more
abundant and thicker bedded (up to 10 m in maximum thickness) than those in the Pliocene. In addition, the
increased consolidation and lithiﬁcation of the upper Miocene sediment section lead to sharp velocity
contrasts and differentiate velocities of different lithologies; lithiﬁed carbonates show much higher velocities
than interbedded claystone [Expedition 349 Scientists, 2014]. These observations explain the strong seismic
reﬂectivity of strata in the bottom unit of the sedimentary cover at Site U1433 (Figure 5).
Pelagic red clay of low-sedimentation rate is recovered immediately above the igneous basement at both
Sites U1431 and U1433 [Expedition 349 Scientists, 2014]. However, their thicknesses are not over 25 m and are
unlikely to be well resolved by surface reﬂection seismic data. High-resolution seismic survey might be able
to map the areal extent for this particular unit.
3.2. ODP Site 1148 in the Continental Slope
ODP Site 1148 is located in the continental slope to the north of the COB (Figure 1). Li et al. [2008] also
correlated information obtained from cores to seismic reﬂection data based on the time-depth conversion
built at this site. It is shown from this correlation that the Pliocene and Pleistocene sediments at ODP Site
1148, composed mostly of clay [Wang et al., 2000], have similar seismic facies to their deep basin
counterparts, respectively. In other words, the Pleistocene sediments have strong seismic reﬂectivity,
whereas the Pliocene sediments show weak reﬂectivity (Figure 6). Since the Pleistocene sediments vary
considerably in composition between sites, but all show quite strong seismic reﬂectivity, it seems that
compaction also plays a major role in modulating seismic reﬂections in the uppermost sections at studied
drill sites.
The upper Miocene sequences show low-frequency and high-amplitude seismic reﬂection. The lower to
middle Miocene sediments have rather chaotic seismic facies compared to sediments above at ODP Site 1148
(Figure 6). This contrast on seismic facies is not observed at Sites U1431 and U1433 in the central basin
because the lower to middle Miocene sediments are not well developed there. ODP Site 1148 remains critical
for correlating the lower to middle Miocene and older sequences between the continental slope and the old
oceanic crust close to the COB. The Oligocene-Miocene boundary (Tom) is characterized by a nondeposition
hiatus that correlates to a strong seismic reﬂector [Wang et al., 2000], and the Oligocene sediments also have
rather chaotic seismic facies at ODP Site 1148 (Figure 6).

4. Regional Seismic Stratigraphy
After the core-log-seismic integration at the two key sites in the East and Southwest Subbasins, we can now
extrapolate the stratigraphic information from wellbores to the entire central basin by interpreting regional
seismic stratigraphy. The area under investigation is rather large, and we ﬁnd that the seismic facies changes
signiﬁcantly across the extinct spreading center and the Zhongnan Fault. Therefore, to facilitate the discussion,
we divide the study area into ﬁve subregions, i.e., the continental slope, the northern East Subbasin, the
southern East Subbasin, the Southwest Subbasin, and the Northwest Subbasin (Figure 1).
4.1. Northern East Subbasin
This area is located to the north of the fossil ridge and to the east of the interpreted Zhongnan Fault
(Figure 1). Figure 7 presents three regional seismic proﬁles (SO49-017a, 973SCSIO1, and G1) that provide
ties in interpreted sequence boundaries in this area. Seismic sections SO49-017a and 973SCSIO1 run
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Figure 6. Calibration of seismic horizons with sediments recovered at ODP Site 1148 in the northern continental slope. (a) Linear sedimentation rates (LSR) and mass
accumulation rates (MAR) versus depth (m bsf). (b) LSR and MAR versus age. In Figures 6a and 6b, solid curves = total sediment LSR, dashed curves = carbonate LSR,
stippled columns = total sediment MAR, and solid columns = carbonate MAR [after Shipboard Scientiﬁc Party, 2000]. (c) Seismic section 04C1 crossing ODP Site 1148.
The black dash line above Tpp is the originally interpreted Pliocene-Pleistocene boundary from ODP Leg 184 [Wang et al., 2000]. The Pliocene-Pleistocene boundary (Tpp)
marked in this paper is based on the new Geological Time Scale 2012 [Gradstein et al., 2012]. CDP = common depth point; TWTT = two-way traveltime.

through Site U1431. Close to the fossil ridge, it exists many seamounts and basement highs, which often
prevent continuous tracing of seismic horizons, such as on section 973SCSIO1 (Figure 7). But section
SO49-017a helps in resolving this problem, allowing straightforward tracing of the Tmp horizon that shows
a sharp contrast on seismic reﬂectivity along the Miocene-Pliocene boundary.
We ﬁnd that within the northern East Subbasin, seismic facies and sequence boundaries identiﬁed at drill site
U1431 can be easily traced to other parts, because their features remain fairly consistent, indicating similar
abyssal depositional environment and sediment compositions (Figures 7 and 8). For example, the Pliocene
sequences are transparent in seismic reﬂection, compared to strong reﬂectivity of the Pleistocene sediment
above and the Miocene sediments below. The upper Miocene sequences exhibit wavy, mottled, and
occasionally chaotic reﬂections, indicating a relatively high energy environment and quick lateral changes
in sedimentary facies. This interpretation is consistent with the recovered upper Miocene sediments with
alternating sand and mud layers or composed primarily of sand/sandstone (Figure 4). It is evident from
Figure 7 that the top strong reﬂector of volcanoclastics of Unit VI identiﬁed at Site U1431 (Figure 4) is not
continuously present in the basin, as previously expected.
Only a thin unit of the middle Miocene sedimentary sequences was recovered at Site U1431, and therefore,
the lower to middle Miocene is not very well recovered. Based on the recovered interval, the lithology is
mostly sandstone interbedded with thin claystone and occasionally volcanoclastic breccia (Figure 4)
[Expedition 349 Scientists, 2014]. We expect weak seismic reﬂectivity for this type of rock formation, at least in
the area proximal to Site U1431. This appears to be the case on sections SO49-017a and 973SCSIO1 (Figure 7).
The E-W trending seismic section G1 intersects with sections 973SCSIO1 and SO49-017a at points Ja and Jb,
respectively (Figures 1 and 7). From the correlation of seismic horizons, we interpret that the lower to middle
Miocene section does show transparent seismic facies in a large part of the northern East Subbasin. However,
toward the northern COB, this sequence turns to have high seismic amplitudes (section 973SCSIO1 in Figure 7).
4.2. Northern Continental Slope
Based on the opening model of the SCS [e.g., Taylor and Hayes, 1980, 1983; Briais et al., 1993; C.-F. Li et al.,
2014], Oligocene sediments are expected in the central basin near the northern COB. Section 973SCSIO1 in
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Figure 7. Correlation of seismic sequence boundaries and seismic facies in the northern East Subbasin. Crossing points (Ja and Jb) between seismic sections are
marked. The locations of the three seismic sections shown in this ﬁgure are highlighted with bold lines in the areal topographic map. COB = continent-ocean
boundary, CDP = common depth point, SP = shot point, and TWTT = two-way traveltime.

Figure 7 does not allow a direct comparison on seismic stratigraphy between ODP Site 1148 (where the
Oligocene is constrained) and the central basin, because of the basement high developed near the COB. We
try to circumvent this problem by studying seismic sections that go around these basement highs and
therefore allow direct correlation of the Oligocene from the continental slope to the central basin.
Figure 8 shows seismic sections that provide ties of the Oligocene-Miocene boundary and allow easy tracing of
the horizon Tom, because of its characteristically strong seismic reﬂection. On the two seismic lines of 04C1
and 04C2 that cross with each other, we have noticed that the strong seismic reﬂectivity of the horizon Tom can
be easily traced all the way across the COB from the continental slope to the central basin of the SCS. This allows
the correlation of Oligocene sequence.
We ﬁnd that below the horizon Tom, the deep-marine Oligocene facies changes dramatically, from wavy,
chaotic, and strong reﬂectivity in the continental slope to parallel and transparent seismic facies in the central
basin (Figure 8). Based on these seismic characteristics and horizon correlation, we can now interpret the
Oligocene sequence on section 973SCSIO1 (Figure 7). The interpreted distribution of the Oligocene in the
central basin also helps constrain the age of the oceanic crust. On section 973SCSIO1, the Oligocene sequence
pinches out southward, in a location to the north of the seismic section G1 (Figure 7).
These seismic sections near the COB also indicate prolonged compression, faulting, and erosion or depositional
hiatus at the Oligocene-Miocene boundary (unconformity Tom) in the continental slope area proximal to the
central basin (Figure 8). These late Oligocene to early Miocene exhumation activities in the COB part of the
continental margin were probably caused by isostatic uplifting that was associated with the onset of seaﬂoor
spreading and continued for several million years, whereas the central basin was in a deep water, quiet
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Figure 8. Correlation of seismic sequence boundaries and seismic facies from the continental slope to the northern East
Subbasin. Crossing points (J1, J2, and J3) between seismic sections are marked. COB = continent-ocean boundary,
CDP = common depth point, and TWTT = two-way traveltime.

depositional environment based on interpreted seismic facies. From seismic stratigraphic correlations
(Figures 7 and 8), we can observe that only after the Oligocene did the continental slope and the central
basin experience similar subsidence and deep water sedimentation patterns. The sedimentation rates
dropped suddenly after the Oligocene at ODP Site 1148 (Figure 6), and more sediments started to transport
directly into the central basin.
Seismic section 08C3 intersects with section 973SCSIO1 at point J3 (Figure 8), and other sequence boundaries
can be interpreted from horizon ties. Similar seismic facies are observed in Figures 7 and 8 for respective
sequences. Site U1432 penetrated only 110 m of Pleistocene clay interbedded with silt and sand [Expedition
349 Scientists, 2014]. From this constraint, we know that the Pliocene-Pleistocene boundary (Tpp) near Site
U1432 has to be below the base of the recovered section.
4.3. Northwest Subbasin
The Northwest Subbasin forms an east-west elongated embayment to the northwest of the East Subbasin,
and is regarded as an abandoned oceanic basin with a very short opening history [Ru and Pigott, 1986;
Briais et al., 1993]. Seismic section 973SCSIO3 passes through ODP Site 1148 and the Northwest Subbasin
(Figures 1 and 9). Again, we can trace the strong reﬂector Tom, the Oligocene-Miocene boundary, from
the continental slope to the central basin. Oligocene sequence covers most parts the central basin, except
for places with basement highs (Figure 9). Overall, the Oligocene sequence shows weaker seismic reﬂectivity
than the Miocene sequence above, a seismic pattern similar to those found on other seismic proﬁles in
the East Subbasin.
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Figure 9. Correlation of seismic sequence boundaries and seismic facies in the Northwest Subbasin. COB = continent-ocean
boundary, CDP = common depth point, and TWTT = two-way traveltime.

The Oligocene unit is the thickest near the COB in the Northwest Subbasin, up to 1500 m from our estimate
based on equations (1) and (2) and the time interval from the reﬂection seismic section (Figure 9). This is the
thickest Oligocene sequence observed in the entire central basin, indicating earlier rifting/opening of the
Northwest Subbasin. However, the distribution of this thick Oligocene sequence is limited to the vicinity of
the COB. Elsewhere, its overall average thickness is comparable to that found near the northern margin of the
East Subbasin. We therefore assess that the Northwest and East Subbasins started opening nearly at the same
time based on seismic stratigraphic correlation.
4.4. Southern East Subbasin
To the south of the fossil ridge of the East Subbasin, there is currently no well control. In addition, there are
numerous basement highs that make regional horizon correlation difﬁcult (Figure 10). We ﬁnd that the
seismic sequences constrained by Site U1431 in the northern East Subbasin and by Site U1433 in the
Southwest Subbasin cannot be easily traced to the southern East Subbasin, because the extinct spreading
ridge and the boundary between the East and Southwest Subbasins (the Zhongnan Fault and Zhongnan
Ridge [Li and Song, 2012]) acted as major sedimentation boundaries from our interpretation. This can be
seen from Figure 10, which shows a large contrast in seismic facies across the fossil ridge. For example, the
transparent reﬂectivity of the Pliocene sequence that is characteristic to the north of the fossil ridge
becomes less distinguishable in the southern East Subbasin.

Figure 10. Correlation of seismic sequence boundaries and seismic facies in the southern East Subbasin. Subvertical black
line segments are interpreted faults. CDP = common depth point; TWTT = two-way traveltime.
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Figure 11. Seismic sections showing the PP reﬂector, active faults, and magmatic intrusions. (a) Section in the southern
East Subbasin. (b) Section in the Southwest Subbasin. Subvertical black line segments are interpreted faults.
CDP = common depth point; TWTT = two-way traveltime.

Core-well-seismic integration at Site U1433 identiﬁed a prominent reﬂector (PP reﬂector) just above the
Pliocene-Pleistocene boundary (Tpp) (Figure 5). We ﬁnd that this PP reﬂector, showing quite strong seismic
reﬂectivity above the relatively transparent Pliocene sedimentary sequences, is well developed to the south
of the fossil ridge, both in the East and Southwest Subbasins (Figures 10 and 11). This PP reﬂector is used
to benchmark our interpreted horizon Tpp beneath it (Figure 10), because from Site U1433, the PliocenePleistoene boundary (Tpp) is just beneath the PP reﬂector. Compared to the northern East Subbasin, the
Pliocene-Pleistocene sediments are thicker, whereas the Miocene sediments, also showing relatively strong
seismic reﬂectivity, are thinner than their northern counterparts.
It is noted that the southern East Subbasin is experiencing active faulting and progressive southward
uplifting (Figures 10 and 11a). This intensity in active faulting is not observed to the north of the fossil ridge.
Based on the crosscutting relationships, fault activity becomes younger southward to the southern
continental margin. Vertical movements along many of these faults have created terraces in the seabed,
partly accommodating the progressive southward uplifting (Figures 10 and 11a).
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(a)

(b)

Figure 12. (a) Correlation of seismic sequence boundaries and seismic facies in the East Subbasin. (b) Correlation of
seismic sequence boundaries and seismic facies from the Southwest Subbasin to the southern East Subbasin. The two
seismic sections join together at their right hand side in the ﬁgure. Subvertical black line segments are interpreted faults.
CDP = common depth point; TWTT = two-way traveltime.

4.5. Southwest Subbasin
Seismic sections 973SCSIO1 and 973SCSIO2 cross at one end, and together they show large contrasts in
seismic facies across the relict spreading center and between the East and Southwest Subbasins (Figures 1
and 12). Subparallel to section SO49-17a (Figure 11), section 973SCSIO1 is also located in the East Subbasin,
and the southern segment of section 973SCSIO1 shows many active faults that are progressively younging
southward. The Tpp horizon (in orange color) is faulted and the fault steps clearly show recent uplift to the
south (Figure 12).
Since sections 973SCSIO1 and 973SCSIO2 are connected, this uplift event seen on section 973SCSIO1 should
also be recorded by section 973SCSIO2. On section 973SCSIO2, the interpreted Pleistocene sediments are
very thin in the East Subbasin, in sharp contrast to the recovered thick Pleistocene sequence at Site U1433 in
the Southwest Subbasin. Similarly, the buried depths of major sequence boundaries and seismic facies also
differ markedly. These observations further support the existence of a major tectonic boundary between the
two subbasins. Early studies have suggested that the boundary is represented by a major fault called the
Zhongnan-Liyue Fault or simply the Zhongnan Fault [Yao, 1995; Li et al., 2008]. This fault is also characterized
as a major boundary in magnetic anomalies [Li et al., 2008]. On section 973SCSIO2, we observe that the
Zhongnan Fault zone comprises a group of faults, which can reach the seabed as active faults. To the west of
the Zhongnan Fault is the Zhongnan Ridge [Li et al., 2008; Li and Song, 2012], which is subparallel to the
Zhongnan Fault and bounded by active faults on both sides (Figures 1 and 12). These structures have played
major roles in shaping regional seismic stratigraphy.
Seismic section N3 is nearly perpendicular to section 973SCSIO2 and the two sections intersection at
Site U1433 (Figure 13). Section N3 shows very wide hyperextended continental crusts in the conjugate
continental margins of the Southwest Subbasin. The PP reﬂector appears in both the northern and
southern parts of the subbasin but is more prominent in the southern part and in the area closer to the
southern continental margin (Figure 13). This reﬂector helps better trace the Pliocene-Pleistocene
boundary (Tpp) beneath it. The seismic facies of the Pliocene is similar to what we ﬁnd elsewhere in the
central basin, being rather transparent in seismic reﬂectivity. We notice that the Pliocene-Pleistocene
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Figure 13. Correlations of seismic sequence boundaries and seismic facies in the Southwest Subbasin. (a and b) To the north and the south of the fossil ridge.
Subvertical black line segments are interpreted faults. COB = continent-ocean boundary, CDP = common depth point, and TWTT = two-way traveltime.

sequence is much thicker here than those found elsewhere in the central basin, indicating a highersedimentation rate in the Southwest Subbasin since 5 Ma.
The upper Miocene sequence in the Southwest Subbasin has strong seismic reﬂectivity (Figures 5 and 13),
induced by the high velocity of consolidated carbonate layers. Based on this seismic facies, we suggest that
this upper Miocene sequence with frequent presence of thick carbonate layers is widespread in the Southwest
Subbasin (Figures 13 and 14).
The interpreted lower to middle Miocene differs in seismic facies across the fossil ridge: strong reﬂection of
low frequency to the south of the ridge, but almost transparent reﬂection to the north (Figure 13). This
difference can be explained by drastic differences in sediment supply and/or provenance across the relict
spreading center at that time period.

Figure 14. Seismic section showing the distribution of the Miocene facies with strong seismic reﬂectivity in the Southwest Subbasin. CDP = common depth point;
TWTT = two-way traveltime.
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5. Implications for Neotectonics
The detailed calibration of seismic sequences makes it possible to examine the timing of neotectonic events in
the central SCS basin. In this section, we ﬁrst discuss the timing of faulting and basement structure formation
and then present a summary of the tectonostratigraphic history from seismic stratigraphic analyses.
5.1. Active Faults
The sharp contrast in seismic facies across the Zhongnan Ridge/Fault suggests that it has been active over a
long time period. Presently, the Zhongnan Ridge and Fault are still accompanied with active faulting, causing
offsets in top basement and seabed (Figure 12b). We ﬁnd that active faults are more densely developed
in the southern East Subbasin (Figures 10–12). This is also the area with uplift occurring progressively
southward, as indicated in several seismic sections (Figures 10, 11a, and 12a). Offsets along the active normal
faults may have partly accommodated the uplift, because we ﬁnd that most of these active faults are also
associated with offsets or magmatic intrusion in the basement (Figures 10 and 11a). These igneous intrusions,
in pinnacle shapes and up to 100 m high, tend to occur where the strong basement reﬂector is offset by
faulting (Figure 11a). Based on the crosscutting relationship between the interpreted intrusions and strata,
we estimate that igneous intrusions occurred recently and were accompanied by active faulting in the
overlying sediments.
We interpret that this neotectonism in the southern East Subbasin might be caused by the collision of
Luzon with Palawan, as well as the subduction of the SCS oceanic lithosphere. Regional bathymetry (Figure 1)
shows that the most active subduction (of the SCS lithosphere) or obduction (of Luzon) is occurring in the
southern segment of the Manila Trench, where the water depth is the greatest. Earthquake hypocenters also
reveal that the downgoing slab is the steepest in this region [e.g., Bautista et al., 2001; Wang et al., 2014].
This strong convergence along the southeastern margin may have been responsible for active neotectonism in
the southeastern part of the central basin. We suggest that the collision progressively lifted the northeast
Palawan and the southern part of the southern East Subbasin, causing active normal faults in response to
ﬂexural bulging and uplifting.
5.2. Late-Stage Magmatism Versus Basement High
There are many seamounts, igneous intrusions, and basement highs developed in the Southwest Subbasin
and in the areas close to the fossil ridge in the East Subbasin. Did they form during seaﬂoor spreading or
mostly postspreading? Did they emplace randomly or followed certain temporal or spatial patterns?
As mentioned in section 2, magmatism in the general SCS region experienced three stages, from prerifting
stage to rifting and seaﬂoor spreading stage and to postspreading stage that continued into the Quaternary.
Previous studies suggested that most volcanic seamounts in the central basin were emplaced after the
cessation of seaﬂoor spreading, with a wide age range from as young as ~3.49 Ma to as old as ~13.8 Ma [Wang
et al., 1985; Jin, 1989]. IODP Expedition 349 also discovered evidences for several million years of postspreading
seamount activity along the relict spreading center. At Site U1431, which is near a seamount developed along
the relict spreading center of the East Subbasin, IODP Expedition 349 recovered ~280 m of dominantly greenish
black volcanoclastic breccia and sandstone, interbedded with minor amounts of claystone (Figure 4) dated to
the late middle Miocene to early late Miocene (~8–13 Ma). This would indicate an approximately 5 Myr
period of extensive seamount volcanic activity that started nearly 4 Myr after the cessation of seaﬂoor
spreading [Expedition 349 Scientists, 2014]. At Site U1434, which is near a seamount developed along the
relict spreading center of the Southwest Subbasin, this seamount volcanism was not active until ~9 Ma but
then was active for at least 2 Myr based on the cored section [Expedition 349 Scientists, 2014]. This also puts a
time period of ~7 Myr between the cessation of the seaﬂoor spreading and the initiation of seamount activities
in the Southwest Subbasin [Expedition 349 Scientists, 2014]. This is comparable to late Miocene and Pliocene
seamount volcanism found in the extreme southwest of the oceanic basin [L. Li et al., 2014].
It is difﬁcult to pinpoint the exact timing of formation of these structures based on seismic stratigraphy alone,
because they could have been reactivated by later tectonic events. Here we show various examples that
indicate different periods of seamount activity or basement deformation (Figure 15).
Figure 11a already shows young magmatic intrusions associated with active faulting in the southern East
Subbasin. In the northern East Subbasin, Figure 15a shows similar active magmatic intrusions that cause
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Figure 15. A survey of activity of basement highs, magmatic intrusions, and seamounts revealed by seismic stratigraphy. (a) Active intrusion. (b) Magmatic intrusions
activated at about the Pliocene-Pleistocene boundary (~2 Ma). (c) Magmatic intrusions activated at about the middle Miocene to late Miocene boundary (~12 Ma).
(d and e) Magmatic intrusions formed during the seaﬂoor spreading. (f) Seismic facies of a volcanoclastic apron caused by the adjacent seamount eruptions in the
late Miocene. CDP = common depth point; TWTT = two-way traveltime.

sedimentary offset and deformation above them, but in a very localized segment on seismic section 973SCSIO1.
In this case, the seabed and all sediments above the basement are deformed uniformly, indicating very recent
magmatic intrusions.
Figure 15b shows magmatic intrusions capped with tilted Pliocene or older sediments, which are then
onlapped by Pleistocene sediments. We interpret that this event occurred before the Pleistocene in the
southern East Subbasin and could be slightly older than the magmatic intrusions shown in Figure 15a.
The deformations shown in Figures 15a and 15b are also similar to those faulting structures found near the
Zhongnan Ridge/Fault (between common depth point (CDP) 9000 and 18000 in Figure 12b), all indicating
young magmatic and fault activity within the last 5 Ma.
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In Figure 15c, a slightly older event is observed close to the northern COB. The basement high has apparently
caused uplift of Oligocene and lower to middle Miocene sequences, but younger sediments are in either
onlapping or overlying contacts with the deformed older sediments. This suggests a much older event occurred
around the middle and the late Miocene boundary.
Many basement highs are also developed in the Southwest Subbasin, some of which are also capped with
sediments (Figures 13, 14, 15d and 15e). However, they are not associated with deformation of sediments
around them, other than slight tilting related mostly to differential subsidence. In these cases, we interpret
them as the basement highs formed during early seaﬂoor spreading, but not late-stage volcanism. Folding
and/or tilting of strata on the ﬂanks of these basement highs (Figures 15d and 15e) are more likely caused by
differential compression and subsidence, rather than being indicative of later activities. The possible sills of
strong reﬂectivity at ~6.2 s in two-way traveltime on the northwest side of the basement high in Figure 15d are
not likely associated with basement high itself. There seem to be regularly tilted internal reﬂectors within the
basement highs that are more indicative of igneous fabrics from seaﬂoor spreading (Figures 15d and 15e),
although they could also be noise, out of plane energy, or remnants of diffractions that were not migrated
correctly. The absence of volcanoclastic sequence from Site U1433 located in a local depression also supports
that the two adjacent basement highs were not from late-stage volcanisms. Otherwise, the recovered sediment
cores should have volcanoclastics, as is the case with Site U1431 and U1434 located close to seamounts
[Expedition 349 Scientists, 2014].
In Figure 15f, we show a typical late-stage volcanic seamount developed in the relict spreading center and its
volcanoclastic apron with high seismic reﬂectivities, caused by interbedding between volcanoclastic breccia and
pelagic sediments [Expedition 349 Scientists, 2014]. This volcanoclastic facies shows a wedge of volcanoclastic
apron that thins away from the seamount to the deeper part of the adjacent local depression and then gradually
merges into pelagic clastic facies (Figure 15f).
Overall, we have examined different basement structures and their possible ages of formation or activity. So
far we have not observed any periods of pulsed volcanic activity other than strong active tectonics in the
southern East Subbasin. Postspreading volcanism appears temporally random based on the data used in this
study, but more studies on this topic are needed in the future.
5.3. A Brief Tectonostratigraphic History
During the early opening of the SCS in the Oligocene, the depositional environment in the continental
margin proximal to the oceanic lithosphere differs markedly from that in the central basin. This is seen in
seismic facies that are often chaotic and of high seismic amplitude in the continental slope but transparent
and parallel in the deep basin (Figures 7–9). Many parts of the continental slope experienced differential
uplift and erosion, causing the strong Tom reﬂector along the Oligocene-Miocene boundary (Figures 7–9
and 16). In places between half grabens in the northern continental margin (seismic section 04C2 in Figure 8),
the Tom reﬂector is merged with the breakup unconformity [Li et al., 2010], which can be identiﬁed in the
grabens in the northern margin and is caused by the onset of seaﬂoor spreading and the ﬁnal breakup of the
continental lithosphere around 33 Ma [Expedition 349 Scientists, 2014; C.-F. Li et al., 2014]. This suggests a long
depositional hiatus that forms the Tom unconformity. Only after the Oligocene did similar deep-marine
depositional settings and seismic facies start to occur from the continental slope to the central basin.
The wavy, mottled, and occasionally chaotic Miocene facies in most parts of the central basin indicate rapid
changes in lithology, both spatially and temporally. The early to middle Miocene is also a period of active
seaﬂoor spreading and rapid thermal subsidence (Figure 16), which in turn provided large accommodation
spaces for accelerated erosion in the continental margin [e.g., Taylor and Hayes, 1980, 1983; Briais et al.,
1993; C.-F. Li et al., 2014]. Large volumes of terrestrial clastic materials, and carbonate materials from
surrounding carbonate banks around the Southwest Subbasin, were transported rapidly into the central
basin via turbidity currents (Figure 16). These turbidite deposits are found in all sites cored during IODP
Expedition 349 [Expedition 349 Scientists, 2014], indicating widespread turbidity current activity in the
SCS. This strong and frequent mixing of sediments of different sources causes this characteristic Miocene
seismic facies. Only in areas farther away from the margins and closer to the spreading center are
found more transparent lower to middle Miocene seismic facies indicative of relatively quiet abyssal
sedimentary environment.
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Figure 16. Cenozoic tectonostratigraphic evolution of the South China Sea. Note that this summarizing model is a drastic modiﬁcation to the early model of Li et al.
[2007], which incorrectly suggested that the Southwest Subbasin opened earlier than the East Subbasin.
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In many parts of the central basin, the Pliocene sequence is drastically different from the underlying Miocene
sequences, as it is a rather homogeneous seismic facies. This forms a sharp contrast in seismic sections,
indicating a major tectonic event or a change in regional sedimentary environment that occurred around 5 Ma.
This timing corresponds to the onset of accelerated subsidence in the northern continental margin [e.g., Su
et al., 1989; Clift and Lin, 2001], the buildup of the Taiwan Orogen [e.g., Biq, 1972; Chai, 1972; Teng, 1990; Huang
et al., 2001], and the shift from left-lateral to right-lateral strike-slip movement along the Red-River Fault [e.g.,
Rangin et al., 1995; Clift and Sun, 2006; Zhu et al., 2009]. Rapid submergence of a large part of the northern
continental margin led to different sediment sources and longer transport distances for sediments to be
deposited in the central basin, and this could explain the Pliocene seismic facies more characteristic of a quiet
deep water environment. It also seems likely that the Taiwan Orogen is a major provenance for post-Miocene
sediments in the SCS basin [Expedition 349 Scientists, 2014]. Therefore, we suggest that the seismic facies in
the central SCS basin responded evidently to these major regional tectonic events.
An exception to this is found in the southern East Subbasin, where the Pliocene reﬂectivity is less transparent
(Figures 10 and 12). We interpret that this indicates quite different sediment sources across the fossil ridge of
the SCS; instead of coming mostly from the northern continental margin, here in the southern East Subbasin
the Pliocene terrigenous and carbonate sediments are expected mostly from southern lands [Expedition 349
Scientists, 2014] (Figure 16).
Thick upper Miocene sequence is discovered at Site U1431 in the northern East Subbasin, but Site U1433 to
the south of the fossil ridge in the Southwest Subbasin revealed much thinner upper Miocene but much
thicker Pleistocene sediments (Figure 12). Our regional seismic interpretation indicates that the information
revealed by these two sites are very representative of the respective subregions where they are located.
These basin-wide observations suggest that the subbasin or place with the fastest sedimentation rate in the
central basin has changed. During the late Miocene, the fastest sedimentation occurred in the northern East
Subbasin, probably linked at least partially to sufﬁcient sediment supply from the northern continental
margin. Since the Pliocene, the Southwest Subbasin and the area close to the fossil ridge in the southern East
Subbasin have started to have the largest sedimentation rates (Figure 16). This sedimentary pattern and
trend since the Pliocene continue today, and correspondingly, the present bathymetry shows that the
Southwest Subbasin and the area close to the fossil ridge in the southern East Subbasin have the deepest
water depth, forming the present-day depocener in the SCS (Figure 1).
Since the PP reﬂector we identiﬁed at Site U1433 represents a lithological boundary between primarily clay
above and interbedded clay and carbonate beneath (Figure 5), the areal distribution of the reﬂector can be
used to estimate the presence of carbonate turbidite deposition. The PP reﬂector, showing high seismic
amplitudes, is best developed to the south of the fossil ridge of the SCS (Figures 10–14), can be identiﬁed in
the northern Southwest Subbasin (Figure 13), but is mostly absent or unidentiﬁable in the northern East
Subbasin (Figures 7–9). Taken together with recovered lithologies from IODP Expedition 349 [Expedition
349 Scientists, 2014], we estimate that Miocene-Pliocene carbonate turbidites are extensively developed in
the Southwest and the southern East Subbasins, but not in the Northwest and northern East Subbasins
(Figure 16). This can be explained by the fact that Southwest and the southern East Subbasins are more
proximal to southern blocks, such as the Reed Bank, the Palawan, and the Dangerous Ground, which were
largely capped with carbonate [e.g., Hutchison and Vijayan, 2010; Franke et al., 2011; Yao et al., 2012;
Ding et al., 2013], and could have supplied carbonate materials into the basin via turbidity currents [Expedition
349 Scientists, 2014].

6. Conclusion
In this study, we have analyzed a large volume of reﬂection seismic data, collected over the years by
various research institutions in the central SCS basin, and interpreted major seismic sequence boundaries
through integration with cores collected during recent IODP Expedition 349. We interpret ﬁrst-order
sequence boundaries throughout the basin, which are Oligocene/Miocene, middle Miocene/upper
Miocene, Miocene/Pliocene, and Pliocene/Pleistocene boundaries. Characteristic seismic reﬂectors are
also examined. Seismic facies in the central basin and the proximal continental slope are analyzed to infer
changes in sedimentary environment, provenance, and also magmatism. All together we draw the
following major conclusions:
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1. Rapid spatial and temporal variations in seismic facies are evident across subbasin boundaries in the
SCS basin, although within each subbasin, the seismic facies are more consistent laterally. However,
time-depth conversion relationships for sediments constructed from velocity measurements of recovered
cores from Sites U1431, U1432, and U1433 in the central basin are nearly identical but differ from those
at Sites U1435 and ODP 1148 in the northern continental slope. This puts more conﬁdence on areal
stratigraphic correlation in the central basin. More remarkable but theoretically correct is that some
biolithological boundaries identiﬁed from IODP Expedition 349 coincide well with certain characteristic
seismic horizons (Figures 4 and 5).
2. Despite variation in seismic facies across the fossil spreading ridge, the Pliocene sequence is mostly
characterized by very weak and parallel seismic reﬂectivity, often in large contrasts to the strong and
parallel Pleistocene seismic reﬂectivity above and wavy, subparallel, and mottled Miocene seismic
facies beneath. The sharp change in seismic facies at about the Miocene-Pliocene boundary indicates
that a dramatic tectonostratigraphic event occurred around the SCS at about 5 Ma, coeval with major
tectonic events such as the uplift of the Taiwan Orogen, accelerated subsidence and transgression in the
northern continental margin, and the reversal in strike-slip movement along the Red-River Fault. The
discovered Oligocene sequences in the central basin appear in weak seismic reﬂectivity, but this seismic
facies differs from the often strong and chaotic Oligocene seismic facies in the continental slope.
3. Sharp contrasts in seismic facies are observed across the fossil ridge and across the Zhongnan Ridge/Fault
between the East and Southwest Subbasins, indicating that these structures worked as major sediment
barriers and that long-term tectonic activity has occurred around the Zhongnan Ridge/Fault. The Pliocene
seismic facies also changes slightly across the fossil ridge.
4. Massive Miocene carbonate deposition with strong seismic reﬂectivity is identiﬁed in the Southwest
Subbasin. Furthermore, based on the identiﬁed early Pleistocene PP reﬂector that separates clay above
and interbedded clay and carbonate beneath at IODP Site U1433, we suggest that Miocene and Pliocene
carbonate deposits are widely distributed in the Southwest and southern East Subbasins, but not in the
northern East Subbasin. The Southwest and southern East Subbasins are surrounded by southern blocks
that are preferentially capped with carbonates, which provide carbonate materials that are then
transported by turbidity currents into the central basin. The northern East Subbasin, however, received
sediments primarily from the north with much less Miocene carbonate development.
5. The subbasin of the largest sedimentation rate switched from the northern East Subbasin during the
Miocene to the Southwest Subbasin and the area close to the fossil ridge in the southern East Subbasin
in the Pleistocene. The present-day bathymetry of the SCS also shows the largest water depths at these
areas with the highest Pleistocene sedimentation rate.
6. The most active faulting now occurs in the southern East Subbasin, caused most likely by the active and
fastest subduction/obduction in the southern segment of the Manila Trench and the collision between
the Northeast Palawan and the Luzon arc. This tectonic force is also responsible for progressive southward
uplifting in the southern East Subbasin.
7. Timing and seismic facies related to formation and/or activity of oceanic spreading and postspreading
volcanic activity, including seamounts and magmatic intrusions, are surveyed based on the seismic data
presented in this paper. Their various ages can be determined approximately in light of interpreted
seismic stratigraphy, and we ﬁnd no temporal clustering in their activity/formation.
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